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ABSTRACT 



Introduction: Due to the importance of apical transportation during root canal preparation, 
the aim of the current study was to use cone-beam computed tomography (CBCT) to assess 
the extent of apical transportation caused by ProTaper and Mtwo files. Methods and 
Materials: Forty extracted maxillary first molars with 19-22 mm length and 20-40 degrees of 
curvature were selected. The mesiobuccal canals were prepared using either Mtwo or 
ProTaper rotary files (n=20). CBCT images were obtained before and after canal preparation 
to compare the apical transportation in different cross-sections of mesial and distal surfaces. 
The apical transportation values were analyzed using the SPSS software. The results were 
compared with student's t-test and Mann-Whitney U test. Results: There was no significant 
difference in the extent of apical transportation between Mtwo and ProTaper systems in 
different canal cross-sections. The apical transportation value was less than 0.1 mm in most 
of the specimens, which was clinically acceptable. Conclusion: Considering the insignificant 
difference between the two systems, it can be concluded that both system have low rates of 
apical transportation and can be assuredly used in cUnical settings. 
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Introduction 

Mechanical preparation of the root canal system is one 
of the most important steps in root canal treatment. 
The aim of biomechanical cleaning of the root canal is 
the removal of its contents (especially microorganisms). This 
aim can be achieved through enlargement and shaping of the 
canal and also its chemical debridement, while maintaining the 
radicular anatomy [1]. Although, various techniques have been 
developed to prevent procedural mishaps during root canal 
preparation [2]; there are still some difficulties in complete canal 
preparation especially for curved and flattened ones [3, 4]. Canal 
transportation happens when more amounts of dentin is 
removed from the outer walls of the areas apical to the canal 
curvature and inner walls of the areas coronal to curvature; as a 
result one side of the canal in a single direction is removed more 



compared to other equidistant directions from the main tooth 
axis [5]. Canal transportation results in the displacement of the 
physiologic end of the canal to a new operator-made location on 
the external surface of the root, leading to accumulation of the 
residual debris and microorganisms due to the absence of proper 
and adequate debridement of the root canal [4, 6] . 

The shape created due to canal transportation does not 
provide a resistant form to condense gutta-percha and results in 
its poor compaction and over-extension of root canal fiUings, 
which finally leads to failure of the treatment [7]. 

Most rotary nickel-titanium (NiTi) files are used based on 
crown-down technique in which the preparation is done by 
using the file sizes in a descending order until the apex is 
reached. Mtwo system (VDW, Munich, Germany) is an 
exception in which the first file is used to full working length 
(aka. single length technique) by the practitioner. Moreover, 
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Mtwo is one of the systems with small- sized files such as 10/0.04 
and 15/0.05 being used to reach the apical third at the beginning 
of canal preparation [8]. Using this system, the root canal 
anatomy is claimed to be kept unchanged [9]. It is claimed to 
have less file breakage and faster running speed. Besides, 
compared with other systems, it significantly removes more 
debris [10, 11]. 

ProTaper system (Dentsply Maillefer, Ballaigues, Switzerland) 
is also being widely used for canal preparation. The files of this 
system are specially designed which makes them appropriate for 
preparation of highly calcified and curved root canals [12]. 

Recently, noninvasive techniques are developed to evaluate 
the canal anatomy and to compare the canal shape before and 
after preparation. Using computed tomography (CT), proper 
cross-sections of roots can be provided and 3-dimensional CT 
images can be reconstructed simultaneously [13, 14]. Cone-beam 
computed tomography (CBCT) is more precise compared with 
other routine techniques. It does not require destruction of 
specimen. It is also highly reproducible and several images of the 
canals can be captured [5, 14-16]. 

The aim of this in vitro study was to use CBCT images to 
compare the apical transportation after canal preparation with 
either of the rotary systems, i.e. ProTaper and Mtwo. 

Methods and Materials 

The research protocol was approved by the Ethics committee of 
Babol University of Medical Sciences, Babol, Iran (Grant no. 
6830). In this in vitro study, 40 extracted human maxillary first 
molars with fully developed apices were obtained with the length 
of mesiobuccal (MB) canal being in the range of 19-22 mm and 
canal curvature of 20-40 degrees, according to the Schneider's 
method [17]. The teeth were kept in 0.1% thymol solution at 9° C 
for disinfection, and 24 h before use, they were washed with 
running tap water to eliminate traces of thymol and were then 
stored in normal saline at 4° C until further processing. 

Initially, the access cavities were prepared and the MB canals 
were locaUzed. Afterwards, the MB canal was explored with a 
size #10 K-file (Mani, Tochigi, Japan) until the file tip could be 
visible from the apex. Then the working length was calculated by 
reducing 1 mm from this length. The teeth were embedded in 
acryUc resin blocks to faciUtate the imaging process and maintain 
reproducibility of the CBCT images. 

Before starting canal preparation, 3-dimensional, high 
resolution CBCT images were obtained using Cranex 3+ 
(Soredex, Helsinki, Finland) with 8.6 cm field of view (FOV). 
The 0.5 mm-layer of images were taken axially, with 3-mm 
distance from the radiographic apex, and perpendicular to the 
long axis of the root. The pre-procedural images were recorded 
to be later compared with post-preparation images. 

Then, the teeth were randomly assigned to 2 equal groups 
(n=20). In both groups, direct access was provided using the 



crown-down technique with sizes 3 to 1 Gates-Glidden drills 
(Dentsply, Maillefer, Switzerland). A #10 K-file was also used 
with RC-prep (Premier Dental Products, Philadelphia, USA) to 
provide a glide-path and then canals were flushed with saline 
and filled with 2 mL of 2.5% NaOCl in both groups. 

Group 1: 

In this group, the canals were cleaned and shaped using Mtwo 
file system (VDW, Munich, Germany) and a handpiece installed 
on an electric motor (Endo-Mate TC, NSK, Nakanishi Inc., 
Tokyo, Japan) used at 300 rmp and a torque of 3 Nm according 
to the manufacturer's instruction. Apical preparation was 
performed with file sizes 10/0.04, 15/0.05, 20/0.06 and 25/0.06. 
Each file was discarded after being for once. 

Group 2: 

In this group, the canals were prepared using ProTaper system 
(Dentsply Maillefer, Ballaigues, Switzerland) and a handpiece 
installed on an electric motor used with 300 rmp and 3 Nm 
torque according to the manufacturer's instructions. Apical 
preparation was performed with file sizes SI, S2, El and E2 
(25/0.06). Each file was discarded after being used for once. 

In both groups, all preparation stages were done by a single 
operator. According to the study protocol, the operator had to 
work on only five canals per day at a certain time throughout the 
day. It helped to apply the same amount of force for canal 
preparation and to eliminate the effect of operator's fatigue on 
the results. 

After finishing the preparation stages, post-instrumentation 
CBCT images were obtained exactly similar to what had been 
done, before preparation. Using the Adobe Photoshop (Version 
7, Adobe Systems Inc., San Jose, CA) for evaluating the apical 
transportation, we applied the technique proposed by Gambill 
and colleagues [16, 18]. According to this technique, the 
following distances were considered: 

Al: Minimal distance of the external side of the root section 

from the external mesial edge of the uncleaned canal. 
Bl: Minimal distance of the external side of the root section from 

the external distal edge of the uncleaned canal. 
A2: Minimal distance of the external side of the root section 

from the external mesial edge of the cleaned canal. 
B2: Minimal distance of the external side of the root section from 

the external distal edge of the cleaned canal. 

Finally the amount of canal transportation was calculated 
using the following formula: [(A1-A2)-(B1-B2)]. According to 
this formula, a result of "zero" showed no canal transportation; 
while, any other result indicated that transportation had 
occurred in the canal. Apical transportation values were 
determined using both systems at the levels of 2, 2.5, and 3 mm 
from the apex to the mesial and distal surfaces. The values were 
analyzed using SPSS software, version 18. The student's t-test 
and Mann- Whitney U test were used to compare the data and 
the significance level was set at 0.05. 
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Table 1, Mean (SD) of apical transportation on different cross-section in ProTaper and Mtwo systems 



Distance from apex (mm) 


System Mean (SD) 


P-value 




P-value 


1 ProTaper 


Mtwo 


(t-test) 


r^ower 


(Mann- Whitney U) 


2 mm (mesial surface) 


0.111 (0.167) 


0.09 (0.121) 


0.659 


0.0741 


0.904 


2 mm from the apex on distal surface 


0.06 (0.125) 


0.058 (0.085) 


0.930 


0.0504 


0.355 


2.5 mm from the apex on mesial surface 


0.149 (0.211) 


0.083 (0.096) 


0.215 


0.2468 


0.231 


2.5 mm from the apex on distal surface 


0.07 (0.175) 


0.072 (0.073) 


0.963 


0.0503 


0.289 


3 mm from the apex on mesial surface 


0.143 (0.156) 


0.094 (0.095) 


0.233 


0.2244 


0.289 


3 mm from the apex on distal surface 


0.099 (0.191) 


0.096 (0.109) 


0.952 


0.0504 


0.242 



Results 

Table 1 shows the mean apical transportation in each group. The 
apical transportation in the ProTaper system was slightly more 
than that of Mtwo system but there was no significant difference 
between Mtwo and ProTaper file systems in different cross- 
sections of the canal regarding the amount of apical 
transportation (P>0.05). 

Discussion 

Using the double radiographic superimposition technique, two 
dimensional radiographs can be adjusted and mesiodistal and 
buccoUngual views of radiographs can be assessed and the extent 
of apical transportation can be determined. Actually, none of the 
specimens showed their maximum curvature degree in the 
mentioned plans. Therefore, real values of canal transportation 
cannot be measured under these conditions [19]. 

CBCT has been frequently used in endodontic treatments 
due to the utilization of Photoshop software [5]. The technique 
is more accurate than conventional methods, and the results 
are highly reliable and multiple images can be obtained from 
the canals. Also by using CBCT images, complete information 
can be taken from the root canal before, during and after the 
mechanical preparation [5, 20]. Considering the advantages of 
CBCT imaging, this technique was used for evaluation of apical 
transportation in the present study. 

Results of the present study indicated that the amount of apical 
transportation was less than 0.1 mm at all sections using both 
ProTaper and Mtwo file systems. There was no significant 
difference between the two systems in this regard. The apical 
transportation in the ProTaper system was sUghtly more than that 
of Mtwo system especially at the levels of 2.5 and 3 mm of the apex 
from the mesial surface; although this difference was not 
statistically significant. Therefore, regardless of this small amount 
of transportation, both systems had the capability to maintain the 
canal centralization and could be used in clinical settings. Peters et 
al. reported that apical transportation <0.1 mm is clinically 
acceptable [21]. In the present study, this value was less than 0.1 
mm in most cases; although in some cases it was more. It seems 
that similarities in apical transportation in various rotary systems 
are related to the amount of cervical preparation. 



Apical transportation may be attributed to some factors such 
as the preparation technique, physical properties of alloys, and 
design of the instrument [22] . According to Iqbal and colleagues, 
small degrees of transportation are associated with the ability of 
the file to remain centered within the canal, which in turn 
depends on the physical properties of used alloys as well as the 
sharp and cone shape of the instrument's tip [23]. 

Kuzekanani and colleagues showed that canal transportation 
in Mtwo system was notably less than the ProTaper system. They 
also claimed that because of the least changes in canal curvature 
and maintaining the original shape of the root canal, Mtwo 
system was better than ProTaper [24]. Although the present 
study revealed similar results, the difference between the two 
systems was not significant. 

Khalilak et al reported that Mtwo files had less canal- 
centering ability compared to ProFile and RaCe [25] . In another 
study, Javaheri and colleagues proposed that more flexible 
instruments with less taper like RaCe should be used for 
preparation of curved canals [26]. Also, Nagaraja and colleagues 
assessed canal transportation, centering ability, and the amount 
of remaining dentine thickness after instrumentation using 
manual NiTi K-file and ProTaper rotary system. They concluded 
that because ProTaper files could cause greater extent of canal 
transportation, they should be used cautiously especially in 
curved canals [18]. 

Moreover, Ozer evaluated root canal transportation after 
using various rotary systems using computed tomography and 
found insignificant apical transportation in all such systems 
[27]. In that report, despite using non-cutting tips in of all the 
rotary systems, some degrees of apical transportation were 
reported. Therefore, it seems that such incidence is inevitable 
in all rotary and manual systems. In another study, Veltri and 
colleagues reported that preparation of curved canals with 
ProTaper system is acceptable and is associated with minimal 
canal transportation [28]. 

On the other hand, other studies have reported specific 
degrees of transportation after using the ProTaper system [24, 
29]. Yoshimine et al evaluated the canal transportation after 
preparation of S- shape canals using RaCe, ProTaper, and K3 
systems. They found more deviation from the original canal path 
using ProTaper system than RaCe and K3 systems [29] . 
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Conclusion 

Considering the absence of significant differences in apical 
transportation values following preparation with Mtwo and 
ProTaper file systems, it can be concluded that both systems 
have similar canal- centering ability, canal transportation and 
similar ability to maintain the shape of the canal after 
preparation. Therefore, both systems can be used in clinical 
settings with minimal apical transportation. 

Acknowledgment 

The authors would like to thank Babol University of Medical 
Sciences for their supports. 

Conflict of Interest: 'None declared'. 

References 

[I] Schilder H. Cleaning and shaping the root canal. Dent Clin North 
Am. 1974;18(2):269-96. 

[2] Clem WH. Endodontics: the adolescent patient. Dent Clin North 
Am. 1969;13(2):482-93. 

[3] Bergmans L, Van Cleynenbreugel J, Beullens M, Wevers M, Van 
Meerbeek B, Lambrechts P. Smooth flexible versus active tapered shaft 
design using NiTi rotary instruments. Int Endod J. 2002;35(10):820-8. 

[4] Ehsani M, Zahedpasha S, Moghadamnia AA, Mirjani J. Comparison 
of race and Mtwo nickel titanium (NITI) rotary instrument with 
stainless steel K-Flexofile hand instrument in root canal centering & 
transportation. Iran Endod J. 201 1;6(2):74-9. 

[5] Hartmann MS, Barletta FB, Camargo Fontanella VR, Vanni JR. 
Canal transportation after root canal instrumentation: a comparative 
study with computed tomography. J Endod. 2007;33(8):962-5. 

[6] Baumgarther IB. Ingle's Endodontics, 3rd Edition. Hamilton: BC 
Decker; 2008. Chap31;1123 pp. 

[7] Tasdemir T, Aydemir H, Inan U, Unal O. Canal preparation with 
Hero 642 rotary Ni-Ti instruments compared with stainless steel 
hand K-file assessed using computed tomography. Int Endod J. 
2005;38(6):402-8. 

[8] Honardar K, Vesal N, Hamze F, Nazarimoghadam K, Labaf H, 
Shakeri L. A Comparison of Mtwo Rotary File with K-File on 
Negotiation of Second Mesiobuccal Canal in Maxillary First Molar: A 
Clinical Study Iran Endod J. 2008;3(2):29-32. 

[9] Santoro G, Minozzi F, Migliau G, Guida A, Rapisarad E, Gallottini 
L. Comparative evaluation of two NiTi instruments: ProTaper and 
Mtwo. G It Cons-Supplemento. 2006;4:174-5. 

[10] Schafer E, Erler M, Dammaschke T. Comparative study on the 
shaping ability and cleaning efficiency of rotary Mtwo instruments. 
Part 1. Shaping ability in simulated curved canals. Int Endod J. 
2006;39(3):196-202. 

[II] Schafer E, Erler M, Dammaschke T. Comparative study on the 
shaping ability and cleaning efficiency of rotary Mtwo instruments. 
Part 2. Cleaning effectiveness and shaping ability in severely curved 
root canals of extracted teeth. Int Endod J. 2006;39(3):203-12. 

[12] Mohammadi Z, Shalavi S. Is chlorhexidine an ideal vehicle for 
calcium hydroxide? Iran Endod J. 2012;7(3):1 15-22. 



[13] Nazari SH, Mirmotalebi F. Application of CT scan in evaluation of 
transportation of root canal during endodontic retreatment. Asian J 
ExpSci. 2007;21:227-32. 

[14] Alves R, Souza J, Gon^alves Alencar A, Pecora J, Estrela C. 
Detection of Procedural Errors with Stainless Steel and NiTi 
Instruments by Undergraduate Students Using Conventional 
Radiograph and Cone Beam Computed Tomography. Iran Endod J. 
2013;8(4):160-5. 

[15] Versiani MA, Pascon EA, de Sousa CJ, Borges MA, Sousa-Neto 
MD. Influence of shaft design on the shaping ability of 3 nickel- 
titanium rotary systems by means of spiral computerized 
tomography. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2008;105(6):807-13. 

[16] Gambill JM, Alder M, del Rio CE. Comparison of nickel- titanium 
and stainless steel hand-file instrumentation using computed 
tomography J Endod. 1996;22(7):369-75. 

[17] Zhang R, Hu T. Letters to editor. Int Endod J. 2010;43:616-18. 

[18] Nagaraja S, Murthy BVS. CT evaluation of canal preparation using 
rotary and hand Ni-Ti instruments: An in vitro study. J Conserv Dent. 
2010;13(l):16-22. 

[19] Hiilsmann M, Stryga F. Comparison of root canal preparation using 
different automated devices and hand instrumentation. J Endod. 
1993;19(3):141-5. 

[20] Peters OA. Current challenges and concepts in the preparation of 
root canal systems: a review. J Endod. 2004;30(8):559-67. 

[21] Peters OA, Laib A, Gohring TN, Barbakow F. Changes in root canal 
geometry after preparation assessed by high-resolution computed 
tomography J Endod. 2001;27(l):l-6. 

[22] Peters OA, Schonenberger K, Laib A. Effects of four Ni-Ti 
preparation techniques on root canal geometry assessed by micro 
computed tomography Int Endod J. 2001;34(3):221-30. 

[23] Iqbal MK, Firic S, Tulcan J, Karabucak B, Kim S. Comparison of 
apical transportation between ProFile™ and ProTaper™ NiTi rotary 
instruments. Int Endod J. 2004;37(6):359-64. 

[24] Kuzekanani M, Walsh LJ, Yousefi MA. Cleaning and shaping 
curved root canals: Mtwo® vs ProTaper® instruments, a lab 
comparison. Indian J Dent Res. 2009;20(3):268-70. 

[25] Khalilak Z, Alavi K, Akhlaghi NM, Mehrvarzfar P, Dadresanfar B. 
Canal-centring ability of three rotary file systems in simulated curved 
canals: a comparative study. Indian J Dent Res. 2009;20(4):400-3. 

[26] Javaheri HH, Javaheri GH. A comparison of three Ni-Ti rotary 
instruments in apical transportation. J Endod. 2007;33(3):284-6. 

[27] Ozer SY. Comparison of root canal transportation induced by 
three rotary systems with noncutting tips using computed 
tomography. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2011;lll(2):244-50. 

[28] Veltri M, MoUo A, Pini PP, GheUi LF, Balleri P. In vitro comparison 
of shaping abilities of ProTaper and GT rotary files. J Endod. 
2004;30(3):163-6. 

[29] Yoshimine Y, Ono M, Akamine A. The shaping effects of three 
nickel-titanium rotary instruments in simulated S-shaped canals. J 
Endod. 2005;31(5):373-5. 

I Please cite this paper as: Madani ZS, Haddadi A, Haghanifar S, Bijani A. 
Cone-Beam Computed Tomography for Evaluation of Apical 
Transportation in Root Canals Prepared by Two Rotary Systems. Iran 

I EndodJ. 2014;9(2):109-12. 



/(EJ Iranian Endodontic Journai 201 4;9(2):1 09-1 12 



